The initial oven temperature was kept at 100°C for 5 min, then programmed to 240°C at 3°C min -1 and kept at this temperature for 30 min; injector and detector temperatures were 250 and 270°C, respectively. Carrier gas was He at a flow rate of 1.4 mL min -1 , sample size was 1.0 mL, split ratio was 50:1. The percentage composition of the chloroform extract was recorded using the Class-GC 10 computer program.
Gas chromatography-mass spectrometry (GC/MS
). -Solution of the dry chloroform extract in CHCl 3 (50 mg mL -1 ) was prepared for GC and GC-MS analyses. The analysis of the extract was performed using a Varian Saturn 2100 (Varian, USA) equipped with a Agilent DB-5 MS fused silica capillary column (Agilent Technologies, USA) (30 m´0.32 mm i.d., film thickness 0.25 mm). For GC-MS detection, an electron ionization system with ionization energy of 70 eV was used. Carrier gas was helium at a flow rate of 1.7 mL min -1 . Injector and MS transfer line temperatures were set at 220°C and 290°C, respectively. The oven temperature was kept at 100°C for 5 min, then increased to 240°C with 3°C min -1 increment and maintained at this temperature for 25 min. Diluted samples (1/100, V/V, in methylene chloride) (1.0 mL) were injected manually in the splitless mode. The relative percentage of extract constituents was expressed as percentage by peak area normalization.
The compounds were identified by using NIST 2002, Wiley library data of GC-MS systems and a locally customized library of 320 spectra, as well as by comparison with the fragmentation patterns of the mass spectra with those reported in the literature (11) and, whenever possible, using reference substances, by co-injection with authentic compounds.
Antimicrobial assay
Microorganisms and cultivation conditions. The above mentioned bacteria, except S. mutans, were cultured in Nutrient Broth (NB) (Difco, USA), S. mutans was cultured in Brain Heart Infusion Broth (BHIB) (Difco), C. albicans and C. tropicalis were cultured in Sabouraud Dextrose Broth (SDB) (Difco). P. aeruginosa and S. maltophilia strains and the fungi were incubated at 30 ± 0.1°C for 18-24 h and 24-48 h, respectively. Other bacteria were incubated at 37 ± 0.1°C for 24-48 h. Inocula were prepared by adjusting the turbidity of the medium to match the 0.5 McFarland standard dilutions of this suspension in 0.1 % peptone (m/V) solution in sterile water inoculated on NB, BHIB, SDB to check the viability of the preparation. The cultures of microorganisms were maintained in their appropriate agar slants at 4°C throughout the study and used as stock cultures.
Disc diffusion assay. -The antibacterial activity was based on the disc diffusion method (12, 13) using a bacterial cell suspension whose concentration was equilibrated to the 0.5 McFarland standard dilutions. Each bacterial suspension 100 mL was spread on a Müller-Hinton agar plate. Sterile paper discs (6 mm diameter) were impregnated with 20 mL of each extract dissolved in the solvent used for extraction at 25 mg mL -1 . The discs were allowed to dry and were then placed on the inoculated agar. The plates were incubated at appropriate temperature and time for the microorganisms, as mentioned above. Discs with hexane, chloroform, ethyl alcohol and ethyl acetate were used as controls. After incubation time, the zone of inhibition was measured. The experiments were performed in triplicate.
RESULTS AND DISCUSSION
A total of 28 compounds was detected in the chloroform extract using GC and GC/MS (Table I ). The typical chromatogram can be seen in Figure I .
Components of the chloroform extract were separated into five classes, including oxygenated monoterpene hydrocarbons (0.91 %), sesquiterpene hydrocarbons (3.14 %), oxygenated sesquiterpenes (60.54 %), aromatic alcohols (3.12 %) and others (32.29 %). The chloroform extract consisted mainly of oxygenated sesquiterpenes (60.54 %). Caryophyllene oxide (21.32 %) and spathulenol (10.32 %) were the prevailing oxygenated sesquiterpenes.
Three Gram-negative test bacteria, four Gram-positive test bacteria, two yeasts and multi-resistant bacteria were used in this study. If the extracts had any effect on the Table I .
Gram-negative and Gram-positive test bacteria, its antibacterial activity was evaluated on multi-resistant strains of Stenotrophomonas maltophilia and various species of Staphylococcus, including CNS, respectively. The antibiotic resistance patterns of the multi-resistant bacteria are shown in Table II . The results obtained by evaluation of the antimicrobial activity of the extracts are shown in Table III. 467 Table I Since hexane and ethyl acetate extracts had no effect on Gram-negative bacteria, their antibacterial activities were not determined on antibiotic resistant S. maltophilia strains. Hexane extract showed no inhibition effect on Gram-positive bacteria either, except M. luteus or multi-resistant strains of various species of Staphylococcus. Chloroform extract inhibited the growth of all microorganisms, except C. albicans and the inhibition zones ranged between 11-21 mm. Ethanolic extract had antimicrobial effect on many of the microorganisms and the inhibition zones ranged between 9-22 mm. Ethyl acetate extract did not inhibit the growth of either Gram-positive or Gram-negative bacteria. The extracts did not exert any antifungal activity against C. albicans.
In this study, all strains of multi-resistant S. maltophilia tested were inhibited by ethanol and chloroform extracts.
The most effective extract was the chloroform extract, which exhibited a significant antimicrobial activity against all the microorganisms tested except C. albicans. This extract exhibited a significant effect against multi-resistant strains of S. maltophilia with 11-20 mm inhibition zones. Also, this extract exhibited bactericidal effect against multi-resistant Staphylococcus aureus and CNS.
The results indicate that the chloroform extract of C. austro-anatolica has a capacity to inhibit the growth of pathogenic bacteria. Sesquiterpenes, which were found in appreciable amounts, have been reported to have potent antimicrobial activity and to play a critical role in plant defense mechanisms (14) . The potent activity of the chloroform extract might be attributed to its high oxygenated sesquiterpene content (60.54 %).
Caryophyllene oxide, the most abundant constituent of the extract, is known to exhibit antibacterial activity (15) . It is thought that because of its high caryophyllene oxide content, the chloroform extract of C. austro-anatolica possesses high total antimicrobial activities.
CONCLUSIONS
Our study can be considered as the first document of the in vitro antimicrobial features and chemical composition of C. austro-anatolica. The study has shown that the chloroform extract of C. austro-anatolica may be useful as an alternative antimicrobial agent against multi-resistant S. maltophilia, S. aureus and coagulase negative Straphylococci.
